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(54) Implant delivery method and assembly 

(57) A thermally activated occlusive implant delivery 
assembly is provided. The assembly includes an occlu- 
sive implant device and a pusher. The pusher has a dis- 
tal section and a proximal section. The distal section in- 
cludes a coupling portion which is shape memory ma- 
terial and exhibits different configurations depending on 
the coupling portion's temperature. The coupling portion 
inesrlcskingly engages the implant when it is in one of 
the configurations and releases the implant from inter- 
locking engagement therewith when in another one of 



the configurations. In operation, the assembly is intro- 
duced into the body of a mammal via a guide catheter 
suited for the particular lumen being navigated. When 
the implant is positioned at the desired site, the coupling 
portion of the pusher is thermally activated to affect the 
return of its original, pre-set configuration, which is orig- 
inally formed to release the implant from interlocking en- 
gagement therewith. The pusher can then be readily re- 
moved from the mammal without imparting any signifi- 
cant force on the implant during retraction. 



2 \ *s \ 6 5 8 y 





Fig. la 



O) 



o 

Q. 

UJ 



Printed by Jouve, 75001 PARIS (FR) 



EP 0 717 961 A1 





Fig. lb 



2 



1 



EP 0 717 961 A1 



2 



Description 

The present invention relates to the delivery of im- 
plants in mammals generally, and more particularly to 
the delivery of occlusive implants, such as embolic coils, 
utilizing a thermally activated shape memory decoupling 
mechanism. 

The endovascular treatment of a variety of vascular 
maladies throughout the body is an increasingly more 
important form of therapy. Catheters have been used to 
place various treatment materials, devices, and drugs 
within arteries and veins in the human body. Examples 
of these devices and their use in such treatments are 
shown in U.S. Patent Nos. 5,234,437 and 5,261 ,916, in 
which methods and devices for delivery of coils or wires 
within the hyman body to sites, such as aneurysms, to 
occlude those sites are disclosed. Coils, such as those 
discussed in these documents as well as in U.S. Patent 
No. 4,994,069, may be of a regular or helical configura- 
tion or assume a random convoluted configuration at the 
site. The coils normally are made of a radiopaque, bio- 
compatible metal such as platinum, gold, tungsten or al- 
loys of these and other metals. In treating aneurysms, 
it is common to place a number of coils within the aneu- 
rysm. The coils occlude the site by posing a physical 
barrier to blood flow and by promoting thrombus forma- 
tion at the site. 

Coils have typically been placed at the desired site 
within the vasculature using a catheter and a pusher. 
The site is first accessed by the catheter. In treating pe- 
ripheral or neural conditions requiring occlusion, the 
sites are accessed with flexible, small diameter cathe- 
ters such as those shown in U.S. Patent Nos. 4,739,768 
and 4,813,934. The catheter may be guided to the site 
through the use of guidewires (see U.S. Patent No. 
4,884,579) or by flow-directed means such as balloons 
placed at the distal end of the catheter. Use of 
guidewires involves the placement of relatively long, 
torqueable proximal wire sections within the catheter at- 
tached to more flexible distal end wire sections designed 
to be advanced across sharp bends at vessel junctions. 
The guidewire is visible using x-ray techniques and al- 
lows a catheter to be navigated through extremely tor- 
tuous vessels, even those surrounded by soft tissue 
such as the brain. 

Once the site has been reached, the catheter lumen 
is cleared by removing the guidewire (if a guidewire has 
been used), and one or more coils are placed into the 
proximal open end of the catheter and advanced 
through the catheter with a pusher. Pushers are wires 
having distal ends adapted to engage and push the coil 
through the catheter lumen as a pusher itself is ad- 
vanced through the catheter. Once the coil reaches the 
distal end of the catheter, it is discharged from the cath- 
eter by the pusher into the vascular site. However, there 
are concerns when discharging the coil from the distal 
end of the catheter. For example, the plunging action of 
the pusher and the coil can make it difficult to position 



the coil at the site in a controlled manner and with a fine 
degree of accuracy Inaccurate placement of the coil can 
be problematic because once the coil has left the cath- 
eter, it is difficult to reposition or retrieve the coil. 
s Several techniques involving Interlocking Detacha- 
ble Coils (I DCs), which incorporate mechanical release 
mechanisms and Guglielmi Detachable coils (GDCs), 
which utilize electrolytically actuated release mecha- 
nisms, have been developed to enable more accurate 
10 placement of coils within a vessel. 

One technique for detaching an embolic coil is 
shown in U.S. Patent No. 5,261,916. According to that 
technique, a coil having an enlarged portion is mated 
with a pusher having a keyway adapted to receive the 
is enlarged portion of the coil in an interlocking relation- 
ship. The joint between the pusher and the coil is cov- 
ered by a coaxial member. The coaxial member is mov- 
able by sliding the member axially. As the coaxial mem- 
ber is moved away from the junction where the coil's 
member engages the keyway of the pusher, the coil is 
freed from the catheter assembly and the pusher may 
then be removed. 

Another IDC device for placement of coils is shown 
in U.S. Patent No. 5,234,437. This device includes a coil 
having a helical portion at least one end and a pusher 
wire having a distal end that is threaded inside of the 
helical coil by use of a threaded section on the outside 
of the pusher. The device operates by engaging the 
proximal end of the coil with a sleeve and unthreading 
the pusher from the coil. Once the pusher is free, the 
sleeve may be used to push the coil out into the targeted 
treatment area. 

U.S. Patent No. 5,312,415 discloses the use of a 
catheter having a constricted or feathered end to retain 
a number of embolic coils on a guidewire for precise 
placement using a pusher sheath. 

Electrolytic coil detachment is disclosed in U.S. Pat- 
ent Nos. 5,122,136 and 5,354,295. According to U.S. 
Patent No. 5,122,1 36, the coil is bonded via a metal-to- 
metal joint to the distal end of the pusher. The pusher 
and coil are made of dissimilar metals. The coil-carrying 
pusher is advanced through the catheter to the site and 
a small electrical current is passed through the pusher- 
coil assembly. The current causes the joint between the 
pusher and the coil to be severed via electrolysis. The 
pusher may then be retracted leaving the detached coil 
at an exact position within the vessel. Since no signifi- 
cant mechanical force is applied to the coil during elec- 
trolytic detachment, highly accurate coil placement is 
readily achieved. In addition, the electric current may 
facilitate thrombus formation at the coil site. The only 
perceived disadvantage of this method is that the elec- 
trolytic release of the coil may require a period of time 
that may inhibit rapid detachment of the coil from the 
pusher. 

Another method of placing an embolic coil is dis- 
closed in U.S. Patent No. 5,108,407. This patent shows 
the use of a device in which embolic coils are separated 
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from the distal end of a catheter by the use of heat-re- 
leasable adhesive bonds. The coil adheres to the ther- 
apeutic device via a mounting connection having a heat 
sensitive adhesive. Laser energy is transferred through 
a fiber optic cable which terminates at that connector. 
The connector becomes warm and releases the adhe- 
sive bond between the connector and the coil. Among 
the drawbacks of this system is that it involves generally 
complicated laser optic componentry. 

There is a need to provide alternative mechanisms 
for delivering implants, such as embolic coils, that com- 
bine accurate positioning capability with rapid implant 
decoupling response times. 

The present invention provides an occlusive im- 
plant delivery assembly having a rapid response de- 
tachment mechanism which avoids or minimizes im- 
plant position migration during release. The assembly 
includes an occlusive implant, a pusher or device to car- 
ry the implant to the desired location, and a thermally 
activated decoupling mechanism that decouples the im- 
plant from the assembly. The pusher has a distal section 
and a proximal section. The distal section includes a 
coupling portion which comprises shape memory mate- 
rial and exhibits different configurations depending on 
its temperature. The coupling portion interlockingly en- 
gages the implant when it is in one of the configurations 
and releases the implant from interlocking engagement 
therewith when in another one of the configurations. 

With this construction, the implant can be delivered 
very rapidly without any significant displacement of the 
implant during release. Generally speaking, the ther- 
mally actuated detachment mechanism does not apply 
any significant force on the implant during release. An- 
other advantageous aspect of the invention is that the 
simple one-piece construction of the detachment mech- 
anism can be readily manufactured and assembled. 

According to a first embodiment of the invention, a 
body temperature activation system is utilized to acti- 
vate the coupling portion. With this system, the proper- 
ties of the shape memory material are selected so that 
when the coupling portion reaches body temperature via 
heat transfer from the surrounding tissue and fluids at 
the delivery site, the coupling portion returns to its orig- 
inal, preset configuration. In order to avoid premature 
activation (as the implant is guided to the desired site), 
a biocompatible cooling solution is flushed through the 
catheter during introduction and placement of the im- 
plant. When the implant is in the desired location, the 
cooling solution is no longer circulated, thereby allowing 
the coupling portion to heat up to body temperature 
where it returns to its original, release configuration. Ac- 
cordingly, the need for auxiliary heating means to acti- 
vate the release mechanism is eliminated. 

In a further embodiment of the invention, an auxil- 
iary electrical heating system is used to heat the cou- 
pling mechanism to the desired temperature. In this em- 
bodiment, the shape memory material is selected to be 
triggered for return to its original shape at a temperature 



above body temperature and preferably above febrile 
temperatures. With this configuration, the energy input 
into the coupling portion can be precisely controlled and 
extremely rapid activation response times achieved. 
s In operation, the implant delivery assembly is intro- 
duced into the body of a mammal via a guide catheter 
suited for the particular lumen being navigated. When 
the implant is positioned at the desired site, the coupling 
portion of the pusher is thermally activated to effect the 
10 return of its original, pre-set configuration, which is orig- 
inally formed to release the implant from interlocking en- 
gagement therewith. The coupling portion is thermally 
activated using body heat or auxiliary electrical means 
as discussed above. Then, the pusher can be readily 
is removed from the implant without imparting any signifi- 
cant force thereon. 

The above is a brief description of some of the fea- 
tures and advantages of the present invention. Other 
features, advantages and embodiments of the invention 
will be apparent to those skilled in the art from the fol- 
lowing description, accompanying drawings and ap- 
pended claims. 

FIG. 1a is a partial sectional view of an implant de- 
livery assembly constructed according to the prin- 
ciples of the present invention showing the assem- 
bly in a locked state; 

FIG. 1 b is a partial sectional view of the implant de- 
livery assembly of FIG. 1a in an unlocked state; 
FIG. 2a is a partial sectional view of the implant de- 
livery assembly of FIG. 1a showing another locking 
configuration; 

FIG. 2b is a further view of the implant delivery as- 
sembly of FIG. 2a in a locked state; 
FIG. 3 shows the implant delivery assembly of FIG. 
1 incorporating an auxiliary electric supply circuit; 
FIG. 4a shows the implant delivery assembly of 
FIG. 1 incorporating another electric supply circuit; 
FIG. 4b is sectional view of the delivery system of 
FIG. 4a taken along line 4b-4b; 
FIG. 5a shows the implant delivery assembly of 
FIG. 1 with yet another electric supply circuit; and 
FIG. 5b is a sectional view of the delivery assembly 
of FIG 5a taken along line 5b-5b. 

Referring to the drawings in detail, wherein like nu- 
merals indicate like elements, an implant delivery as- 
sembly 10 for facilitating occlusion of a body conduit in 
a mammal is shown in accordance with the principles of 
the present invention. It should be understood, however, 
that the form of the implant can vary depending, for ex- 
ample, on the body conduit in the vascular, biliary, gen- 
itourinary, gastrointestinal and respiratory systems un- 
dergoing treatment as would be apparent to one of or- 
dinary skill in the art. Thus, although the illustrated va- 
soocclusive coil-type implant will be described below for 
purposes of example, other occlusive implant configu- 
rations can be used as well. 
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Referring to Figs. 1 a and 1 b, assembly 1 0 generally 
comprises a pusher or delivery member 12, which is an 
elongated member, and an implant 1 4 detachably cou- 
pled thereto. According to the present invention, pusher 
1 2, or at least a portion thereof, comprises shape mem- 5 
ory material and provides a thermally activated decou- 
pling mechanism as will be described in more detail be- 
low. The pusher preferably is insulated by a polymeric 
sleeve or casing 16 to protect surrounding cells and tis- 
sue when the pusher is heat activated. Sleeve 16 can io 
be coated or comprise lubricious material to improve the 
lubricity of the pusher. This is especially advantageous 
when the pusher is guided through a catheter. 

As shown in Figs. 1a and 1b, pusher 12 generally 
comprises a relatively long torqueable proximal section 1$ 
18 and a relatively short flexible distal section 20 con- 
structed for atraumatic navigation along extremely tor- 
tuous vasculature passageways. The large proximal 
portion facilitates torque transfer, while the small sizing 
of distal section 20 enhances its flexibility. Tapered sec- 20 
tion 22 interconnects proximal and distal sections 18 
and 20. The pusher also is sized for advancement 
through or retraction from a suitable catheter as shown 
in Figs. 1a and 1b and designated with reference nu- 
meral 24. Pusher 12 can be provided with the desired 25 
profile by conventional grinding techniques currently 
used in guidewire manufacture. 

As discussed above, pusher 12 comprises shape 
memory material. Shape memory material is material 
which exhibits mechanical memory when activated by 30 
heat. An example of such material is titanium-nickel (Ti- 
Ni) alloy, usually referred to as nitinol. Shape memory 
alloys or materials have a transition temperatu re that de- 
pends on the particular ratio of the metals in the alloy, 
and/or the effects of annealing and cold working (e.g., 35 
grinding during fabrication of the shape memory com- 
ponent). In brief, shape memory material can be (1) 
formed into a first shape at a temperature above its tran- 
sition temperature, (2) brought below its transition tem- 
perature and, once there, plastically deformed into a 40 
second desired shape and (3) returned to its first pre- 
set form upon reheating above its transition tempera- 
ture. 

According to the present invention, the entire push- 
er, or at least a portion thereof comprises shape memory 45 
material and a portion of the distal section of the pusher 
is constructed to form the coupling or locking portion. 
Thus, at least this coupling portion comprises shape 
memory material. The coupling portion is constructed 
with an intermediate deformed shape that provides a 50 
mechanism for securing the implant to the pusher and 
a pre-set shape that provides release of the implant as 
will be described in more detail below. 

In manufacturing the delivery assembly shown in 
the drawings, the general profile of the pusher can be ss 
obtained by conventional grinding techniques as dis- 
cussed above. The pusher is originally formed to a pre- 
set shape when above the transition temperature where 



ft is austenetic. The pre-set shape is the shape desired 
for release from the implant. Although a straight release 
shape is shown as the preferred embodiment for use 
with coil implant 14, other shapes including curves, an- 
gles or multiple configurations may be desired especial- 
ly in the case of differently configured implants. The 
pusher preferably is then insulated in polymeric sleeve 
16, which is preferably coated with a lubricant compat- 
ible with the environment of intended use including the 
biomaterials of the catheter that may guide the pusher 
to the desired location in the mammal. Alternatively, 
sleeve 16 can be made with a lubricous polymer such 
as polytetrafluoroethene or FER 

The coupling portion of the distal section is cooled 
below the transition temperature (where it becomes 
martensitic) and mechanically deformed to shape the 
coupling portion into the desired locking configuration. 
Several possible configurations are shown in the draw- 
ings and will be discussed in detail below. Once the lock- 
ing configuration is obtained, the implant can be secured 
to the coupling portion of the pusher which generally 
completes the construction of the implant delivery as- 
sembly. When using a one-way shape memory material, 
the material will maintain its original shape once heated 
above its transition temperature even when returned to 
a temperature below the transition temperature unless 
external forces are again applied. 

One suitable shape memory alloy is nitinol having 
about 51-57% nickel by weight and the remaining por- 
tion titanium. Other suitable shape memory alloys in- 
clude copper-zinc-aluminum, copper-aluminim-nickel, 
copper-zinc-silicon, copper-zinc-tin, gold-cadmium and 
nickel-cadmium. The transition temperature is selected 
according to the heating mechanism. When the alloy is 
activated by body temperature according to a first em- 
bodiment shown in Figs. 1a and 1b, the preferred tran- 
sition temperature is about 34-37°C. When the alloy is 
activated by auxiliary electrical or heating means (as 
shown in Fig. 3; 4a, b; and 5a, b), the preferred transition 
temperature is about 37-43° C, and preferably is above 
the febrile temperature range (about 40-43°C in human 
patients) to avoid premature actuation of the mecha- 
nism. 

Referring to Figs. 1a and b, a first locking configu- 
ration is shown. More specifically, distal section 20 in- 
cludes coupling portion 26. Portion 2b has a deformed 
or implant locking configuration generally comprising a 
U-shaped curve that is sized to extend between and f ric- 
tionally engage a pair of turns 28 of coil 14. Although 
coil 28 is shown in the drawings as a uniform diameter 
helical coil wire, it may have other configurations. It is 
important, however, that the coil be dimensioned to be 
able to be advanced through a catheter that is sized to 
access the desired site. 

The coil may be radiopaque, biocompatible metal 
such as platinum, gold, tungsten, stainless steel or al- 
loys of these metals. Preferably, the coil is platinum, gold 
or tungsten (or alloys of these metals) so that its location 



5 



7 



EP 0 717 961 A1 



8 



at the desired site may be readily viewed radiographi- 
caily. 

For use in occluding peripheral or neural sites, the 
coils will typically be made of 0.05 to 0. 15 mm diameter 
platinum wire that is wound to have an inner diameter s 
of 0. 1 5 to 0.96 mm with a minimum pitch (i.e., the wind- 
ings are close to one another). The length of the wound 
wire (i.e., the coil) will normally be in the range of 0.5 to 
60 cm, and preferably 0.5 to 40 cm. For wires intended 
for use in vessels with diameters of About 2 mm and 10 
smaller, the coil has a preferred length of about 0.5 to 
20 cm. The coil can have any shape. For example, it can 
be formed so that it takes on an essentially linear con- 
figuration, in which it may be advanced through the cath- 
eter and assume a randomly oriented configuration, is 
such as helical, after it is released from the catheter and 
in a relaxed state as disclosed in U.S. patent No. 
4,994,069, which is hereby incorporated herein by ref- 
erence. Helical metal coils having one or more fibrous 
elements attached thereto in a sinusoidal wave config- 20 
uration as disclosed in U.S. Patent No. 5,226,911 also 
can be used. 

In the example shown in Figs. 1a and b, a conven- 
tional embolic coil is shown with the proximal end of the 
coil open for receipt of the pusher and a gap formed be- 2s 
tween windings to receive a portion of the coupling por- 
tion. Although the turns of coil 14, between which cou- 
pling portion 26 extends, are prestressed so that a gap 
is formed therebetween, the curve in coupling portion 
26 is sufficiently sized to cause the turns to be biased 30 
thereagainst when positioned as shown in Fig. 1a. In 
this manner, coil implant 14 is securely retained on 
pusher 12. 

In contrast, coupling portion 26 preferably has a 
substantially straight, pre -set shape in this embodiment 35 
as shown in Fig. 1b, so that after thermal activation, dis- 
tal section 20 can be readily withdrawn from coil 14. 
More specifically, with this preset/release configuration, 
distal section 20 can be readily withdrawn from coil 14 
without exerting any significant force on the coil that *o 
would cause any significant coil migration. Of course, 
the configurations of the coupling portion can vary as 
would be apparent to one of ordinary skill. 

Referring to Figs. 2a and 2b, additional coupling 
portion locking configurations are shown. In these em- 
bodiments, the coil, designated with reference numeral 
14', is formed without the gap between turns as in Fig. 
1 a. Referring to Fig. 2a, the locking configuration of cou- 
pling portion 26' comprises multiple sinusoidal curves. 
The curves are sized so that each curved segment 30, so 
32 places a sufficient pressure on the inner circumfer- 
ential surface of coil 14* to retain coil 14' on the distal 
section of pusher 12. Although a pair of curves are 
shown forming the sinusoidal shape in Fig. 2a, other 
numbers of curves can be used as well. ss 

In a further alternative as shown in Fig. 2b, the lock- 
ing configuration of coupling portion 26" is helical. The 
coupling portion windings 36 lodge between windings of 



coil 14* as shown in Fig. 2a, to generate sufficient bias 
and retain the coil on pusher 12. The pitch of the cou- 
pling portion windings preferably generally corresponds 
to the pitch of the windings of coil 14'. 

In each of these examples, the coupling portion pre- 
set shape is substantially straight as shown in Fig. 1 b 
and as described above. It also should be understood 
that other locking configurations can be used without de- 
parting from the scope of the invention. 

Referring to Figs. 3; 4a,b; and 5a,b, various electric 
circuits are shown for heating the coupling portion of the 
pusher. Referring to Fig. 3, power supply 38 has a first 
lead 40 coupled to the proximal end of pusher 1 2 and a 
second lead 42 for coupling to the skin of the patient. 
Lead 42 typically is connected to the negative pole of 
the power supply and a positive electric current of about 
0.001 to 2 milliamps at 0.1 to 6 volts is applied to the 
pusher via lead 40. These volt-amp ranges also apply 
to the power supply circuits shown in Figs. 4a,b and 5a, 
b. 

Referring to Figs. 4a and 4b, another configuration 
for the attachment of the leads to the implant delivery 
assembly is shown. In this configuration, lead 42 ex- 
tends through insulation 16*. which is a dual lumen ex- 
truded polymeric element, and is attached to the pusher 
adjacent to the coupling portion. The attachment can be 
formed, for example, by tightly winding lead 42 around 
the pusher as shown in Fig. 4a and/or soldering or weld- 
ing lead 42 to the pusher to provide a suitable electrical 
connection. 

A further configuration for the power supply circuit 
is shown in Figs. 5a and 5b. In this configuration, lead 
42 is coupled to the proximal end of the pusher 1 2' which 
is formed as a hypotube. Lead 40 is coupled to conduc- 
tor 44 which is coaxially positioned within pusher 12'. 
Tubular insulation sleeve 16 surrounds pusher 12, while 
tubular insulation sleeve 46 separates pusher 12 from 
conductor 44. The distal tip of conductor 44 can be in 
the range of 0.2 to 40 cm from the coupling portion, and 
preferably is within about 0.2 to 0.5 cm from the coupling 
portion to provide virtually instantaneous response and, 
thus, decoupling. 

Power source 38 includes conventional controls for 
controlling current input and input duration as is conven- 
tional in the art. ft is also contemplated that conventional 
processing componentry can be coupled to the pusher 
to control the exact instant of detachment of the implant 
from the distal section of pusher 12. 

Merely to exemplify the operation of the invention, 
the following example in which an implant delivery as- 
sembly constructed as shown in the drawings to deliver 
an occlusive coil to a vascular site is provided. Implant 
delivery assembly 10 is delivered through a catheter, e. 
g., catheter 24 to a selected vascular site. Catheter 4 
generally comprises an elongate tubular member hav- 
ing proximal and distal end portions 1 0and 1 2. The cath- 
eter is preferably between about 50-300 cm in length, 
and typically between about 60-200 cm in length. The 
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catheter also is designed for accessing a vessel site at 
which, for example, vasoocclusion is desired. For ex- 
ample, the vessel site can be within a small diameter 
vessel having 2-5 mm lumen diameter and accessible 
by way of a tortuous vessel path which may involve 
sharp vessel turns and multiple vessel branches. In this 
case, the catheter preferably has a small diameter, flex- 
ible construction with a lumen diameter of less than 
about 40 mil and preferably between about 8-30 mil. 
Catheters of this type, which are typically used for ac- 
cessing deep brain vascular sites, are commercially 
available. 

The catheter is inserted through a vessel lumen (not 
shown) to the site to be occluded (e.g., an aneurysm, 
vascular malformation, or arteriovenous fistula). Con- 
ventional catheter insertion and navigational proce- 
dures involving guidewire and/or flow-directed means 
may be used to access the site with the catheter. Thus, 
although not shown, catheter 4 may include a guidewire 
usable therewith to guide the distal and of the catheter 
toward the desired or selected occlusion site. 
Guidewires of this type are commercially available, and 
generally include an elongate wire having a tapered, 
wire-wound distal end region which is adapted to be ad- 
vanced through a tortuous vessel path, with the catheter 
being moved axially along the advanced guidewire. 

Once the distal end of the catheter is positioned at 
the selected site (its location may be determined by a 
coating at the distal end of the catheter with a radio- 
paque material or otherwise affixing such a material to 
the distal end of the catheter or incorporating such a ma- 
terial into the distal end of the catheter), the catheter is 
cleared. For example, if a guidewire has been used to 
position the catheter, it is withdrawn from within the cath- 
eter. 

Pusher 1 2 is manipulated forwards and backwards 
until the desired lie of the coil is obtained. This technique 
is similar to the procedure used with the Guglielmi De- 
tachable Coil (GDC) described in U.S. Patent No. 
5, 1 22, 1 36 which is hereby incorporated herein by refer- 
ence. Once coil 14 is in position, the coupling portion 
can be activated by body heat or auxiliary heating 
means. When using a body temperature activation sys- 
tem, the properties of the shape memory material are 
selected so that when the coupling portion reaches body 
temperature via heat transfer from the surrounding tis- 
sue and fluids at the delivery site, the coupling portion 
returns to its original, pre -set configuration. Preferred 
transition temperatures are described above. However, 
in order to avoid premature activation (as the implant is 
guided to the desired site), a biocompatible solution is 
flushed through the catheter during introduction and 
placement of the implant to maintain the implant below 
the transition temperature. When the implant is in the 
desired location, the cooling solution is no longer circu- 
lated, thereby allowing the coupling portion to heat up 
to body temperature where it returns to its original, re- 
lease configuration. 



Alternatively, auxiliary heating means such as that 
illustrated in Figs. 3; 4a,b; or 5a,b can be used and the 
coolant circulation step eliminated. In this case, once 
coil 14 is in the desired position, an electric current is 

s applied to pusher 12, which in this example essentially 
consists of the shape memory material, by a power 
source 38. Heat is generated by electric current applied 
to the pusher in a region upstream to the coupling por- 
tion 26 (26, 26 B ) and transferred to coupling portion 26 

70 (26\26 B ). When the temperature of the coupling portion 
rises above the transition temperature of the shape 
memory material (preferred transition temperatures are 
described above), the heat effects the return of the orig- 
inal, pre-set shape, which is straight in the illustrative 

is embodiments, thereby releasing coil 14 from interlock- 
ing engagement from pusher 12. Pusher 12 can then be 
readily retracted without causing significant migration of 
the coil, or coils previously positioned at the site and ad- 
jacent the last placed coil. The precision and rapid de- 

20 livery achievable from this mechanism is especially ad- 
vantageous in neural procedures. 

The above is a detailed description of particular em- 
bodiments of the invention. It is recognized that depar- 
tures from the disclosed embodiment may be made 

2S within the scope of the invention and that obvious mod- 
ifications will occur to a person skilled in the art. The full 
scope of the invention is set out in the claims that follow 
and their equivalents. Accordingly, the claims and spec- 
ification should not be construed to unduly narrow the 

30 full scope of protection to which the invention is entitled. 



Claims 

35 1 . An occlusive implant delivery assembly for occlud- 
ing a site in a mammal, said assembly comprising 
an implant and a pusher, said pusher having a distal 
section and a proximal section, said distal section 
having a coupling portion comprising thermal mem- 

40 ory material and exhibiting different configurations 
depending on the temperature of said portion, said 
coupling portion interlockingly engaging said im- 
plant when said coupling portion is in a first one of 
said configurations and disengaging from said im- 

4£ plant when in a second one of said configurations. 

2. The assembly of claim 1 wherein said implant com- 
prises a coil having multiple turns and said distal 
section has a curved portion that extends between 

so a number of said turns when said coupling portion 
is in said first configuration. 

3. The assembly of claim 1 wherein said implant com- 
prises a coil having an inner surface, said coupling 

55 portion having multiple curves, each placing a pres- 
sure on a different portion of said inner surface 
when said coupling portion is said first configura- 
tion. 
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4. The assembly of claim 3 wherein said portions of 
said inner surface are generally equidistantly 
spaced in the circumferential direction. 

5. The assembly of claim 3 wherein said coupling por- 
tion has a sinusoidal shape when in said first con- 
figuration. 

6. The assembly of claim 1 wherein said implant com- 
prises a coil and when said coupling portion is in 
said first configuration it has a helical shape with a 
pitch that generally corresponds to that of said coil. 

7. The assembly of any one of the preceding claims 
further including an insulation sleeve, said insula- 
tion sleeve encasing said pusher 

8. The assembly of any one of the preceding claims 
further including leads having first portions coupled 
to said pusher and second portions adapted for cou- 
pling to a power source. 

9. An occlusive implant delivery assembly for occlud- 
ing a site in a mammal, said assembly comprising 
an implant and a pusher, said pusher having a distal 
section and a proximal section, said distal section 
having a coupling portion comprising thermal mem- 
ory material having a transition temperature range 
and exhibiting multiple configurations depending on 
the temperature of said portion, said coupling por- 
tion interlockingly engaging said implant when said 
coupling portion is in one of said configurations and 
being disengaged from interlocking engagement 
with said implant when in a second one of said con- 
figurations such that said distal section can be read- 
ily removed from said implant, whereby when the 
temperature of the coupling portion is brought 
above its transition temperature range, the coupling 
portion reconfigures to said second configuration 
and releases said implant. 

10. A method of detaching an occlusive implant from a 
pusher, the implant being detachably coupled 
thereto with a heat activated decoupling mecha- 
nism comprising thermal memory material, the 
method comprising applying energy to the decou- 
pling mechanism to effect decoupling of the pusher 
from the implant. 

11 . The method of claim 10, wherein said implant com- 
prises a coil. 

12. The assembly or method of any one of the preced- 
ing claims, wherein said thermal memory material 
has a transition temperature in the range of about 
34 to 37°a 

13. The assembly or method of any one of claims 1 to 



11, wherein said thermal memory material has a 
transition temperature in the range of about 37 to 
43°C. 

s 14. The assembly or method of any one of claims 1 to 
11, wherein said thermal memory material has a 
transition temperature in the range of about 40 to 
43°C. 
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